A number of physiochemical stimuli are thought to be important for regulation of chondrocyte function. One of the most widely studied is extracellular osmolarity which is thought to be altered as water is expelled from articular cartilage during loading. A number of studies have demonstrated that chondrocyte extracellular matrix (ECM) synthesis can be regulated by changes in the osmotic environment 1 . We have recently shown that human articular chondrocytes (HAC) grown in hyperosmotic conditions increase the expression of the transcription factor SOX9, a key regulator of cartilage ECM genes, by stabilizing its mRNA 2 . We were interested in whether other genes were controlled in a similar manner and so conducted a microarray screen to examine genes regulated by hyperosmolarity. Then, using in silico and in vitro approaches, we identified genes which were regulated post transcriptionally.
Introduction
A number of physiochemical stimuli are thought to be important for regulation of chondrocyte function. One of the most widely studied is extracellular osmolarity which is thought to be altered as water is expelled from articular cartilage during loading. A number of studies have demonstrated that chondrocyte extracellular matrix (ECM) synthesis can be regulated by changes in the osmotic environment 1 . We have recently shown that human articular chondrocytes (HAC) grown in hyperosmotic conditions increase the expression of the transcription factor SOX9, a key regulator of cartilage ECM genes, by stabilizing its mRNA 2 . We were interested in whether other genes were controlled in a similar manner and so conducted a microarray screen to examine genes regulated by hyperosmolarity. Then, using in silico and in vitro approaches, we identified genes which were regulated post transcriptionally.
Materials & Methods
Human articular cartilage was obtained with informed consent from patients undergoing knee replacement operations for osteoarthritis. HAC were isolated by collagenase digestion, plated at 100,000 cells/cm 2 and used in experiments within 24 hours. Cells from four donors were used to perform microarray experiments and a further two for mRNA decay studies. For microarray analysis the cells were initially grown in serum free media adjusted to 380mOsm by addition of NaCl for 2 hours. The media was then replaced with more 380mOsm media (controls) or media adjusted to 550mOsm (hyperosmotic) and the cells were cultured for a further 5 hours. Total RNA was then extracted from the HAC cultures using Tri Reagent and sent to The Genome Centre, Queen Mary University London where the samples were processed and used to probe an Illumina Human Ref8 v.3.0 array. Normalised spot intensities were imported into MaxD software where fold changes for control vs. hyperosmotic conditions were calculated. Genes with an average 2-fold upregulation across all four donors were subjected to further analysis. The presence of potential AU-rich elements (AREs) in the 3`UTR of regulated genes was determined by searching the AU-rich element database (ARED -http://brp.kfshrc.edu.sa/ARED/). Real time PCR analysis was performed to confirm osmotic regulation of the candidate genes and to examine mRNA decay in actinomycin-D chase experiments which were conducted on HAC under control or hyperosmotic conditions.
Results
Principal components analysis of raw data from the microarray analysis revealed that the major variation in data was caused by the difference in osmolarity between cultures. 88 genes were upregulated >2-fold and 51 genes were downregulated >2 fold by hyperosmotic conditions. We focused on upregulated genes in order to find candidates that may have undergone mRNA stabilization. Interrogation of the ARED database showed an overrepresentation of ARE's in the genes strongly upregulated by hyperosmolarity (Figure 1) . Overall, 32% of hyperosmotically regulated genes contained predicted ARE's compared to a genome wide value of less than 7%. The largest subset of ARE's belonged to the ARED defined cluster type 5. Upregulated genes which contained type 5 clusters included familiar cartilage related genes such as IL6 and ADAMTS-1 as well as COBLL1, GEM, HSPH1 and SASH1.
Notable upregulated genes containing type 3 clusters included COX-2 and PFKFB3. Real time PCR analysis confirmed the upregulation of all of these genes by hyperosmolarity. Measurement of RNA decay for these genes plus one other-RGS16, an upregulated cluster type 4 containing gene, showed that they demonstrated short mRNA half lives (min 1 hour max 7.4 hours, average 3.2 hours) in HAC under control conditions (Figure 2 ). Furthermore, with the exception of IL6 and RGC16, hyperosmotic culture conditions stabilized the mRNA of these genes.
Discussion
The recent explosion in microRNAs research has underlined the important of post transcriptional control to gene regulation. Building on our previous work on post transcriptional control of SOX9 mRNA we have now described similar regulation of a diverse set of genes. By combining microarray analysis with in silico interrogation of the ARED database we have been able to rapidly identify many genes which are post transcriptionally regulated in HAC following exposure to hyperosmotic conditions. Upregulated genes are over represented with those harboring ARE's in their 3`UTRs and their levels may therefore be controlled by common molecular mechanisms which act on these elements. An example of one potential mechanism would be the p38 MAPK pathway which plays a role in the post transcriptional control of SOX9 2,3 and COX-2 4 . It is not clear whether the responses observed here are limited to hyperosmotic stimulation and further analysis of the stimuli and mechanisms involved is warranted. A solid understanding of post transcriptional gene control by chondrocytes following mechanical and physiochemical stimulation will improve our appreciation of how chondrocytes maintain cartilage homeostasis and could result in identification of therapeutic targets for treating joint diseases. 
